I. INTRODUCTION
Strategic environmental assessment (SEA) is a systematic decision support process, aiming to ensure that environmental and possibly other sustainability aspects are considered effectively in policy, plan and programme making. According to Taiwan government SEA instructions, the impact considered in a SEA should include environmental capacity, natural ecology and landscape, human health and safety, the use of land resources, water resources system and its use, cultural assets, international environmental norms, society and economy. One of the objectives of SEA is to establish indicators [1] , [2] and to select the most appropriate alternative of possible policies. Once the indicators are established, a comprehensive evaluation of each alternative can be conducted to determine whether the main policy is the most preferred. There are some issues in this study. Firstly, the majority (75%) of the domestic SEA cases do not has a comprehensive assessment and thereby they do not provide a scientific decision-making tool to support the main policy surpassing other alternatives. Secondly, although a small part (25%) of the domestic SEA cases are evaluated comprehensively, but some indicators such as pollutant emissions and resource consumption are stress indicators within DPSIR model, which are difficult to understand their impacts. Thirdly, if midpoints/endpoints in LCSA are used as impact indicator for SEA, some indicators of LCC and S-LCA fail to take into account the impact of the economy and society at the regional or national level.
Life cycle assessment (LCA) is a damage-oriented impact assessment method, it applies midpoints/endpoints as its environmental impact indicators. In recent years, it has been gradually applied to Environmental Impact Assessment (EIA). In Taiwan, seven cases of domestic SEA using AHP as the overall comprehensive decision-making process, also utilized LCA as a part of environmental indicators. Nevertheless, the Life cycle sustainability assessment (LCSA) involves Life cycle assessment (LCA), Life cycle costing (LCC) and Social life cycle assessment (S-LCA), which considering environmental, economic and social aspects at the same time. Compared to LCA, LCSA is the more suitable impact assessment tool for SEA.
The literature on life cycle assessment (LCA) applied to policy environmental impact assessment (SEA) are discussed as follows. Stripple and Erlandsson [3] discussed the applicability of LCA to SEA. Lundie et al. [4] used LCA for policy planning in the Sydney water system. Loiseau et al. [5] examined nine analytical tools suitable for SEA, including human and environmental risk assessment (HERA), ecological footprint (EF), material flow analysis (MFA), substance flow analysis (SFA), and physical input-Output table (PIOT), ecological network analysis (ENA), exergy, emergy, and life cycle assessment (LCA) indicate that LCA is an analytical tool for SEA. Björklund [6] , based on Swedish urban energy planning, examines the applicability of LCA as an analytical tool for SEA, and concludes that LCA can provide a system-wide perspective and architecture that contributes to SEA. In order to achieve an environmental assessment of policy planning for land use, Loiseau et al. [7] Developing Indicators Based on Life Cycle Sustainability Impact Assessment for Strategic Environmental Assessment
Kevin Fong-Rey Liu, Shih-I. Tsai, and Dana Aswara proposed a revised LCA framework. Adamczyk and Dzikuć [8] used LCA to assess the environmental impact of four power plants in Poland as a reference for future energy policies. Bidstrup et al. [9] argue that spatial planning should consider systemic impact, including global, indirect, and cumulative effects. Electricity demand in the Republic of Mauritius is growing rapidly. Most of the electricity is generated from fossil fuels, using coal, fuel, bagasse and hydropower. Brizmohun et al. [10] used LCA to evaluate these types of power generation. The effect of carbon emissions on the environment. Nikkhah et al. [11] evaluated SO2, CO2, NH3 and other pollutants emitted during the production of kiwifruit in Guilan, Iran, and analyzed the environmental impacts using the LCA and Cobb-Douglas (CD) models. This paper has the following objectives: (1) to review literature to find relevant indicators and then classify them into environmental, economic and social groups; (2) to define impact indicators as the key indicators in the DPSIR model; and (3) to modify life cycle sustainability assessment (LCSA) as the comprehensive assessment method for SEA. According to the index system developed in this study, the 28 SEA cases are reviewed and quite few cases meet the recommended indicators in this study. Finally, the evaluation framework of two SEA cases are detailed suggested.
II. METHODS AND MATERIALS

A. Life Cycle Sustainability Assessment (LCSA)
Environmental life cycle assessment methods are widely used to judge environmental issues for sustainable development, but the use of similar methods to assess economic (life cycle costs) and social (social life cycle assessment) aspects is still limited. The developments of the two aspects (economic and social) are very important because they allow SEA based on sustainability assessments. The two aspects can develop based on ISO 14040 [12] , which are scoping, inventory analysis, impact assessment and interpretation. Klöpffer [13] The impact pathway of life cycle sustainability impact assessment (LCSIA) is thereby established to clarify its causality and midpoint and endpoint.
B. DPSIR Sustainability Model
state-response model (PSR) of OECD to the driving-force-pressure-state-impact-response model (DPSIR, Fig. 1) , in which the indicators related to driving force, pressure, and response are developed by EUROSTAT, and the state and impact are developed by EEA. biological (humans and other biota) components of the ecosystem. Chemical, physical and biological processes interact to affect different ecosystem components (e.g. chemicals, biological species) that can be measured by their attributes (metrics of quantity or quality). All biota incorporate community and population attributes, but human condition also incorporates individual-level and subpopulation-level attributes. 4) Impact: Changes in the quality and functioning of the ecosystem or human condition have an impact on the welfare (well-being) of humans. Ecosystem services, in particular, are the benefits that ecosystems can provide.
Other factors, such as human health, habitat, & behavior also contribute to human well-being. 5) Response: Responses are actions taken by groups or individuals in society and government to prevent, compensate, ameliorate or adapt to changes in well-being due to the state of the environment or condition of human health.
III. RESULTS AND DISCUSSION
After reviewing related literatures, this study proposes the impact pathway of environmental, economic and social aspects, as shown in Fig. 2 . It has four layers. The first layer is the state after carrying out the policy, for example, the emission. The second layer is the midpoint impact, a short term or direct influence causing by the change of the state. For example, emissions will result in the climate change, respiratory effects, cancer or non-cancer, photochemical ozone formation, aquatic eutrophication, terrestrial acidification, terrestrial and aquatic ecotoxicity. The third layer is the endpoint impact, a long term or indirect influence causing by the midpoint effects. For example, climate change, respiratory effects, cancer or non-cancer, and photochemical ozone formation will damage human health. On the other hand, climate change, aquatic eutrophication, terrestrial acidification, terrestrial and aquatic ecotoxicity will damage ecosystem. The midpoint impact will thereby keep changing the state. For example, the development of economy will emit more pollutants. Therefore, the detail indicators based on the DPSIR causal relationship are developed, as shown in Fig. 2 . Ultimately, the last layer is the sustainability, which is a combination of all midpoint impacts and is accordingly used to choose the best policy in SEA process. According to the proposed indicators and the impact pathway, the 28 Taiwan SEA cases are investigated to check whether they comply to the proposed indicators, as shown in TABLE I. The result shows the majority of the existing SEA is not compatible with the suggested indicators primarily because they are based on the state indicators rather than midpoint indicators proposed by the study. 
IV. CONCLUSION
The innovation of this study is to systematically consider the full effect (regional, global, indirect and cumulative), with an improved life cycle sustainability assessment (LCSA) as a comprehensive assessment tool for SEA, including environmental life cycle assessment, economic life cycle assessment and social life cycle assessment. It is mainly to establish the impact pathway of its life cycle sustainability impact assessment (LCSIA) to clarify its causal relationship and midpoints and endpoints. Based on the midpoint indicators, the indicators for SEA are proposed. There are 12 categories and 57 indicators. The existing Taiwan SEA are based on the state indicators rather than midpoint indicators proposed by the study. The challenge of using the indicators are the data of some of them is difficult to collect. In practical, the indicators can be adapted based on the data availability. Since the indicators exist some extent of causal relationship the future study is suggested to consider the dynamics of the system..
